Studies that estimate the Phillips curve for the U.S. use mainly national-level data and find mixed evidence of nonlinearity, with some recent studies either rejecting nonlinearity or estimating only modest convexity. In addition, most studies do not make a distinction between the relative impacts of short-term vs. long-term unemployment on wage inflation. Using statelevel data from1982 to 2013, we find strong evidence that the wage-price Phillips curve is nonlinear and convex; declines in the unemployment rate below the average unemployment rate exert significantly higher wage pressure than changes in the unemployment rate above the historical average. We also find that the short-term unemployment rate has a strong relationship with both average and median wage growth, while the long-term unemployment rate appears to only influence median wage growth.
Introduction
Economists have long posited that the Phillips curve may be nonlinear and convex and that inflation may respond asymmetrically to declines in unemployment above versus below the natural rate of unemployment. Nevertheless, a linear Phillips curve remained the standard specification in the vast majority of studies until the 1990's when a series of papers found strong evidence of a convex relationship between inflation and unemployment.
1 A nonlinear Phillips curve can have starkly different policy implications than those of a linear Phillips curve. While a linear Phillips curve warrants a symmetric monetary policy response with respect to business cycle conditions of excess demand or excess supply, a nonlinear Phillips curve may imply preemptive measures are needed to counter inflation when, for example, the unemployment rate declines below the natural rate. Allowing excess demand conditions to persist may necessitate significant subsequent tightening to curtail inflation, adversely affecting not just actual but also potential output (Laxton et al. (1995) , Laxton et al. (1999) ).
Despite the importance of estimating nonlinear wage-price Phillips curves, most studies focus on price inflation rather than wage inflation, use mainly national-level time-series data and find mixed evidence on nonlinearity, with some recent papers either rejecting nonlinearity or estimating only modest convexity. 2 Variation in national data on inflation and unemployment may be too limited to yield robust and statistically significant estimates of nonlinearity in the Phillips curve Coen et al. (1999) . Meanwhile, much of the Phillips curve research using regional 1 See for example, Akerlof et al. (1996) , Clark et al. (1996) , Laxton et al. (1995) , Clark and Laxton (1997) , Debelle and Laxton (1997) , Laxton et al. (1999) , Tambakis (1999) , Turner (1995) , Filardo (1998) , Schaling (2004) , Barnes and Olivei (2003) , Huh et al. (2009), and Fuhrer et al. (2012) . 2 See for example, Gordon (1997) , Dupasquier and Ricketts (1998) , Eliasson (2001) , Tambakis (2009) , Ball and Mazumder (2011) . Eisner (1997) and Stiglitz (1997) are exceptions that find evidence of a concave Phillips curve.
data has sidestepped nonlinearity and instead focused on heterogeneity across regions, states' monetary policy responses (Carlino and DeFina (1998) , Carlino and DeFina (1999) ), or the stability of a linear Phillips curve Fitzgerald and Nicolini (2013) .
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Following Blanchflower and Oswald (1994) , a separate but related strand of the literature uses household-level micro data and regresses the level of nominal wages on their first lag and the local unemployment rate to estimate the "wage curve". In such specifications a small or insignificant coefficient on lagged nominal wages can be interpreted as the rejection of a traditional Phillips curve model that involves a regression of nominal wage inflation on lagged price inflation and the unemployment rate. 4 Using annual data from the March CPS and finding lack of autoregression in the estimated wage curve, Blanchflower and Oswald (1994) rejected the traditional Phillips curve. Using micro and state level data and alternative measure of wages, subsequent papers, however, have challenged the Blanchflower and Oswald (1994) findings and concluded that the traditional Phillips curve is still very relevant (Blanchard and Katz (1996) , Blanchard and Katz (1999) , Card (1995) , Whelan (1997) ). With a few exceptions, the wage curve literature also largely focuses on the linear effects of the local unemployment rate.
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Most previous estimates of the standard linear Phillips curve also have not distinguished between the relative impacts on wage inflation of short-term versus long-term unemployment.
There is an ongoing debate about whether the long-term unemployed continue to matter for wage inflation. A weak or nonexistent relationship between the long-term unemployment rate and wage inflation would suggest that a substantial number of the long-term unemployed are 3 Martínez-García and Wynne (2014) estimate the linear Phillips Curve using city-level data but do not explore nonlinearity.
4 See Blanchard and Katz (1999) and Whelan (1997) for the relationship between the wage curve and the standard Phillips curve. 5 Bratsberg and Turunen (1996) estimated a model of the wage curve with a cubic in local unemployment rate using NLSY data from 1979 to 1993 and found evidence of convexity in unemployment and log wage relationship. Blanchflower and Oswald (2005) estimated wage curve versions with log of unemployment rate to introduce nonlinearity using CPS-ORG data from 1979 to 2001. See Nijkamp and Poot (2005) for a comprehensive review.
effectively out of the labor force and out of reach of employers. 6 Improvements in short-term unemployment could, therefore, generate higher wage pressures than that suggested by changes in the headline rate. In this case, monetary policymakers would need to adjust interest rates sooner to curtail inflation. On the other hand, if the long-term unemployed continue to matter for wage inflation then an elevated long-term unemployment rate would help keep inflation in check, putting off eventual interest rate hikes.
We make two contributions to the existing literature on nonlinear Phillips curves in the US case. First, unlike previous research that primarily estimates time-series models using national data, we estimate nonlinear specifications of the wage-price Phillips curve using statelevel panel data which has rich variation in wage inflation and unemployment rates; we also use multiple measures of wages. Our paper is different from some papers estimating nonlinear models in the wage curve literature-e.g. Bratsberg and Turunen (1996) , Blanchflower and Oswald (2005) -in that we estimate a traditional wage-price Phillips curve, use more recent data, and consider alternative wage measures. Second, we contribute to an emerging literature that allows the response of real wage inflation to vary by the type of labor market slack; we estimate Phillips curve specifications that distinguish between the relative wage growth impacts of short-term vs. long-term unemployment.
Our analysis of state-level data from1982 to 2013 yields two main findings. First, the Phillips curve is nonlinear and strongly convex and unemployment rate declines below the historical average rate exert significantly higher wage pressures than declines at above-average unemployment rates. Our choice of a specific knot-the average unemployment rate in our sample-for the piecewise-linear specification of the Phillips curve that we estimate, may be 6 See Krueger et al. (2014) , Aaronson and Jordan (2014) , Smith (2014) , Kiley (2014) , Linder et al. (2014) for U.S. evidence and Llaudes (2005) for Europe.
somewhat arbitrary. We therefore test nonlinearity in the Phillips curve along a range of unemployment rates on either side of the average rate and come to the same conclusion-the Phillips curve using state-level data is nonlinear and strongly convex. Using state-level data from1994 to 2013, our second main finding is that short-term unemployment has a strong relationship with inflation in both average and median wages, but long-term unemployment appears to be significantly associated only with inflation in median wages. In repeating this exercise for the special case of Texas, we find that the Texas Phillips curve has a higher wage inflation/unemployment tradeoff, which suggests that a given decline in the unemployment rate would be more inflationary for wages in Texas. But the Texas Phillips curve is also less nonlinear implying that wages are considerably more flexible in Texas than the nation even when unemployment is at below-average rates.
The remainder of the paper is organized as follows. We start with the theoretical motivation for our research in section 2. Section 3 describes the econometric specification and section 4 discusses the data. Section 5 presents the results for the nonlinear Phillips curve, while section 6 reviews the findings on the differential wage effects of long-and short-term unemployment. Section 7 presents results for the special case of Texas. Finally, there is a brief conclusion.
Theoretical Motivation
There are several potential explanations for nonlinearities in the Phillips curve. 7 First, wages may be downwardly rigid, and it may be relatively easier for employers to raise wages when the economy is expanding and unemployment is low than to cut wages when the unemployment rate 7 See Dupasquier and Ricketts (1998) for detailed analysis of various potential explanations for nonlinearity in the Phillips curve.
is high Akerlof et al. (1996) . Second, Ball and Mankiw (1994) showed that if trend inflation is positive, firms do not need to lower prices when the unemployment rate is high and there is a negative shock to their desired price, they can simply allow inflation to lower relative prices. On the other hand, positive shocks to firms' desired prices (when the unemployment rate is low) are more likely to generate price increases to bridge the gap between increased desired prices and lower actual prices. Capacity constraints could also generate convexity in the Phillips curve if firms struggle to keep up with demand in the short run as the unemployment rate drops below the natural rate. Shapiro and Stiglitz (1984) provide another explanation for nonlinearity in the Phillips curve. Shirking costs increase in unemployment as well as wages. Therefore, when low unemployment reduces workers' shirking cost, firms may use wage increases to raise shirking costs and avoid costly monitoring. On the other hand, in times of high unemployment, shirking costs are already low, and firms may not need to raise wages to prevent workers from shirking.
Finally, imperfect competition is another potential explanation for a nonlinear Phillips curve, although in this case, the curve would be concave. In the presence of monopolistic competition, firms may be tempted to lower prices and undercut rivals when the economy slows but do not increase prices when excess demand conditions emerge. The likely net effect of all these factors is that wages and prices may respond asymmetrically to changes in unemployment and the Phillips Curve may be nonlinear and convex.
Econometric Specification
The standard textbook Phillips curve specification can be written as:
In equation (1), and are the natural logarithms of wages and prices, Δ is nominal wage inflation, Δ is the lagged inflation rate, Δ is productivity growth, * is the natural rate of unemployment, and is the unemployment rate;
is an error term with standard properties required for consistency of OLS.
Assuming constant price mark-up over wages net of productivity growth and letting Δ Δ π yields the standard accelerationist version of the inflation-unemployment Phillips curve:
or equivalently Δ *
. The natural rate of unemployment is unknown, but by definition it equals the rate at which inflation is constant, i.e. π or Δ 0. Therefore, * can be recovered as from estimates of the standard accelerationist version of the Phillips curve.
We estimate a version of the wage-price Phillips curve (1). Using state-level data we can write the wage-price Phillips curve (1) as:
Productivity growth Δ can be subsumed into the time fixed effect μ and we can estimate:
In order to use only within-state cross-time variation in the unemployment rate for better identification of , we estimate specifications with state fixed effects. 9 Note that state fixed effects will be particularly useful if expected inflation is constant over time but varies across regions or states.
Previous research has suggested that changes in unemployment may have an asymmetric effect on wages and the Phillips curve may be nonlinear. To explore nonlinearities between unemployment and wages, we introduce a kink in the Phillips curve around the average unemployment rate and modify (5) to include a linear spline with one knot at , the unweighted long-term average unemployment rate of 6.1 percent in the state-level data we use:
Equation (6) allows the slope of the Phillips curve to differ when . The estimated Phillips curve will be downward sloping and convex if 0 and 0.
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Following previous literature and constraining the coefficient on lagged inflation Δ to equal one, we can write equations (5) and (6) with linear and spline specifications of the wageprice Phillips curve, respectively, and write our baseline specification as:
10 The spline specification used here is not new; previous studies have used national time-series data to model nonlinearity in the Phillips curve. Clark et al. (1996) included a kink in the Phillips curve for the positive output gap. Barnes and Olivei (2003) included multiple kinks for a range of unemployment rates. Laxton et al. (1995) also estimated a piecewise-linear Phillips curve with a kink at the positive output gap.
Some authors, e.g. Clark and Laxton (1997) , Debelle and Laxton (1997) , Laxton et al. (1999) , and Tambakis proposed specification has several appealing properties. However, we do not follow this approach as it imposes stronger functional form restrictions than a flexible spline specification. In their specification, the slope of the Phillips Curve equals β * , is negative, and depends on u * , u , and ϕ. The slope varies with the level of unemployment rate relative to the natural rate of unemployment. There is also a lower bound on the feasible level of unemployment rate as the unemployment rate cannot go below ϕ. Third, there is also a lower bound of β on the extent of deflation. And finally, the slope of the Phillips Curve or the inflation-unemployment tradeoff is decreasing in the unemployment rate. The tradeoff is steep for unemployment rate declines significantly below the natural rate as a small decline in unemployment can trigger a disproportionately large increase in inflation. On the other hand, when unemployment is high, a decline in the unemployment rate entails a small rise in inflation.
12 Analogous inflation-unemployment Phillips Curve specifications can be obtained by simply replacing the left hand side variable with Δ .
Since a linear spline specification with just one knot may be overly restrictive, we also estimate a restricted-cubic spline (natural spline) model with three knots. 13 Restricted cubic splines with three knots would let the curve be linear before the first knot and after the third knot, while using a cubic polynomial to approximate the curve between the remaining interior knots. Due to these restrictions, the restricted cubic spline model with three knots involves including just one more term to the linear model in (7). Since the linear model is nested within both the linear spline specification as well as the restricted cubit spline model, nonlinearity is conveniently tested using a simple t-test on the significance of the spline term.
The standard wage-price Phillips curve specification in (7) does not distinguish between the effect of long-term unemployment (LTU and short-term unemployment (STU) on wage pressures. To examine differential responses of wage inflation to changes in long-term and shortterm unemployment rates, we estimate a Phillips curve specification where the effect of the unemployment rate is decomposed into long-term and short term measures.
We check the sensitivity of our baseline estimates of equations (7), (8), and (9) by conducting a variety of robustness and specification tests.
Data
We use multiple sources of BLS data to estimate the Phillips curve. Since a time-series of statelevel CPI data is not available, we calculate price inflation by using CPI-U data by Census region. We also check the robustness of our baseline estimates to adjusting wage inflation using regional core CPI and 1-year-ahead inflation expectations from the Survey of Professional Figures 1, 2, and 3 show long-term trends in nominal wage, real wage inflation (change in log real wage), and measures of the unemployment rate, respectively. Figure 4 shows a scatter plot 14 CEPR uniform extract of CPS-ORG data were used for analysis (CEPR, n.d.) . Appropriate CPS sampling weights were used for calculating average hourly wage rates using CPS-ORG data. Average hourly wage measures appropriately account for top-coding; see Schmitt (2003) . 15 See Abraham and Shimer (2001) for a discussion.
of the relationship between the dependent variable-change in log wage (adjusted by change in CPI)-and the unemployment rate, observed in the data. The chart provides visual evidence of potential nonlinearity in the wage inflation and unemployment tradeoff. The wide variation in the unemployment rate across states over years is also apparent in the chart.
Empirical Evidence on Nonlinear Phillips Curves
We first explore nonlinearity in the Phillips curve using empirical estimates of our baseline specifications (7) and (8). Results reported in Table 2 use hourly wage measures from the CPS-ORG data as the other measures yielded qualitatively similar estimates and hence are not shown for the baseline specifications. 16 The estimated coefficient on the unemployment rate for a standard linear wage-price Phillips curve using equation (7) is reported in column 1. It shows that the curve is negatively sloped; the coefficient on the unemployment rate is negative and significantly different from zero. The coefficient indicates that a percentage point decline in the state unemployment rate is associated with a 0.33 percentage point increase in real wage inflation.
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Column 2 of Table 2 relaxes the constant slope assumption of the Phillips curve and shows results for the piecewise-linear specification presented in equation (8). A linear spline specification is estimated with one knot set at the sample average unemployment rate of 6.1 percent. Estimates indicate that a percentage point decline in the unemployment rate is associated with an increase in real wage inflation of about 0.55 percentage point. The slope of the curve beyond the knot of 6.1 percent is obtained by adding the coefficient on the unemployment rate and the spline term. Along this segment, a percentage point decline in the unemployment rate is 16 We show robustness with respect to alternative wage measures for a richer specification in Table 5 . 17 Note that since the dependent variable is a difference in logs, the coefficients need to be multiplied by 100 to have a percentage point interpretation.
associated with a 0.28 percentage point increase in real wage inflation. The statistically significant coefficient on the linear spline term is evidence in favor of a nonlinear Phillips curve. Figure 5 shows the estimated Phillips curve with a 95% confidence interval using the linear spline specification from column 2.
Next, we enhance the linear spline specification in column 2 and estimate a restricted cubic spline model with three knots located at equally-spaced percentiles of the distribution of the unemployment rate in the sample. The three knots are set at unemployment rates of 3.7, 5.7, and 9 percent. Results in column 3 are similar to those in column 2 and a statistically significant spline term can be interpreted as evidence in favor of a nonlinear Phillips curve. Figure 6 plots the estimated Phillips curve using results in column 3 with a 95% confidence interval. The figure confirms that one knot sufficiently captures the nonlinearity in the Phillips curve, as the slope does not change significantly between the second and third knot.
Column 4 of Table 2 introduces convexity by adding the reciprocal of the unemployment rate to the linear baseline specification from column 1, similar to a host of previous studies on convex Phillips curve. The positive and significant coefficient on the reciprocal term suggests that linearity of the Phillips curve is soundly rejected. Overall, results in columns 2, 3, and 4 of Table 2 point to resounding rejection of linearity in the Phillips curve for a wide variety of functional forms. Since we get similar results using a linear spline with one knot, a restricted cubic spline with three knots, and a convex specification with the reciprocal of the unemployment rate, we focus on the linear spline specification in the remainder of the robustness checks. Our results remained statistically indistinguishable from each other when we estimated linear spline models with one knot set at a range of unemployment rates on either side of the sample average rate of 6.1 percent. Therefore, we continue to report results for the linear spline model with one knot at the sample average rate. Table 3 shows robustness checks with respect to the inflation measure used to adjust the dependent variable-change in the logarithm of the nominal wage. Table 3 column 1 simply reproduces the results from Table 2 column 2 that used change in the log of CPI(U) to adjust wages for inflation and construct Δ Δ . Table 3 column 2 uses core CPI to adjust nominal wages and shows that the estimated coefficients on the unemployment rate and the spline term are statistically and quantitatively indistinguishable from those in column 1. Results in columns 1 and 2 are based on using lagged inflation as a proxy for expected inflation, which assumes adaptive expectations. In column 3 we use a measure of expected inflation-one year ahead inflation expectations from SPF-to adjust nominal wages and construct Δ EΔ as is done in expectations-augmented versions of the Phillips curve. The estimates are remarkably similar to columns 1 and 2 and a significant spline term still indicates that linearity is strongly rejected. Column 3 shows the sensitivity of our results to the inclusion of state-level demographic variables such as average age, percent of the population that is female, percent of the populations that is non-Hispanic white, black, and Hispanic, and the share of adults with different levels of educational attainment. Demographic control variables such as these capture the effect of any other confounding factors that vary across states and over time in a way that is not accounted for by a state-specific linear trend. Once again, the conclusion regarding nonlinearity of the Phillips curve remains unchanged with the coefficients largely similar to those in columns 1 and 2.
Robustness to alternative inflation measures

Robustness to additional covariates
Column 4 of Table 4 accounts for dynamic effects of the unemployment rate by exploring sensitivity to controlling for unemployment rate lags. As pointed out in Gordon (1997) inflation responds to both the level and change in the unemployment rate, and therefore, Phillips curve specifications should control for either lags in the unemployment rate or for the change in the rate. We explore sensitivity of our estimates to inclusion of the change in the unemployment rate and the change in the spline variable as regressors. The results are equivalent to controlling for current and lagged unemployment and current and lagged spline terms. The coefficient on the unemployment rate and the spline term can be interpreted as the two-period dynamic effect of the unemployment rate on wage inflation. Results shown in column 4 suggest that a one percentage point decrease in the unemployment rate in the current and previous year is associated with a 0.43 percentage point increase in wage inflation when the unemployment rate exceeds the long-term average rate and a significantly smaller 0.28 percentage points when the rate is higher than the long-term average rate-once again strong evidence of nonlinearity.
Column 5 adds an explicit productivity measure to the enhanced specification in column 4 to account for any remaining differences in state-specific productivity growth over time, over and above what is already counted for by year-specific effects, and the results show that the estimates remain largely unchanged.
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Robustness to alternative wage measures Table 5 explores sensitivity of our linear spline Phillips curve specification to alternative measures of wages. Columns 2, 3, and 4 use different measures of wages than the mean hourly measure from the CPS-ORG used so far. Column 2 uses the median wage from CPS-ORG; column 3 uses the average hourly earnings in manufacturing available from the CES; column 4 uses average weekly wages from the QCEW. In addition to state and year fixed effects included in the baseline specification, all columns include state time trends and also the change in the unemployment rate. Table 5 shows that the results are remarkably robust to the use of alternative wage measures and the significant spline term indicates that linearity is strongly rejected in all specifications. The wage inflation-unemployment tradeoff is statistically similar to our baseline tradeoff estimate of 0.55 percentage points when the unemployment rate is below the long-term average rate and 0.28 percentage points when the unemployment rate exceeds the long-term average rate.
Impact of Short-Term vs. Long Term Unemployment on Real Wage Inflation
18 Following Blanchard and Katz (1996) we construct the logarithm of cyclically adjusted productivity by using predicted values from a regression of log state GDP per hour on a linear and quadratic time trend for the entire sample period. The annual state GDP was from BEA and state level annual hours were constructed using average hours per week*52*household employment, where hours per week was obtained from the CPS. Table 6 presents results for the Phillips curve specification in equation (9) with the unemployment rate decomposed into short-term and long-term unemployment rates (Smith (2014) , Kiley (2014) Results in Table 6 suggest that short-term unemployment has a strong relationship with wage inflation, but long-term unemployment does not exert significant pressure on wage inflation in regressions where the measure of wage inflation is the average real wage (columns 1, 3, and 4). Our results using average wages are consistent with previous findings in Krueger et al. (2014) who also estimate a real wage Phillips curve using annual national data from 1976-2013 and find that, as opposed to the short-term unemployment rate, long-term unemployment has a weak and insignificant relationship with average real wage growth. Our results also are in line with Linder et al. (2014) , who find that hourly compensation forecasts based on a short-term unemployment gap measure outperformed those based on a total unemployment gap measure that uses both shortterm and long-term unemployment. Our findings are, however, different from Aaronson and Jordan (2014) , who also use state-level data and find that long-term unemployment is significantly correlated with real wage growth in specifications that include both short-term and long-term unemployment measures.
Long-term unemployment becomes statistically significant in our results only when we use growth in the real median wage. This result is consistent with findings in Smith (2014) who also uses median wages. A potential explanation is recent variation in average wage growth may be largely concentrated among skilled workers who form a small component of the long-term unemployed. In contrast, median wage growth is likely more sensitive to wage growth among low-skilled workers than is average wage growth. Since low-skilled workers form a large component of the long-term unemployed, it makes sense that long-term unemployment should exert more pressure on median wage growth than on mean wage growth. Table 7 explores sensitivity of the differential effects of short-term versus long-term unemployment we observe when we use average wage from the CPS-ORG. Results using average hourly earnings and average weekly wages were similar and are not reported. Column 1 reproduces the baseline estimates with state and time fixed effects. Column 2 adds state time trends and column 3 further enhances the estimated specification by including demographics as described above (including average age, percent female, percent white, black, and Hispanic, and share with different levels of educational attainment). Results remain mostly similar across the three columns with long-term unemployment not significantly associated with average real wage inflation.
Relationship between Unemployment and Wage Inflation in Texas
States differ in many respects that can affect labor market performance, including the minimum wage, extent of unionization among workers, and labor market regulations, among other things.
Certain policies and institutions can amplify the rigidities that underlie the rationale for the nonlinear Phillips curve. Texas is an interesting case to review in this regard; it has fewer regulations and less unionization than other large states, it also sets its minimum wage equal to the federal rate whereas other large states tend to set a state minimum that exceeds the federal.
As a result of these differences, there is reason to expect that Texas labor markets are relatively flexible which may imply the Texas Phillips curve is different from that of the nation as a whole.
Appendix Table A1 presents results for specifications analogous to Table 2 but where the slope of the Phillips curve is allowed to vary for Texas by adding a Texas indicator variable and its interaction with the unemployment rate and spline terms.
A significant coefficient on the unemployment-Texas interaction in column 1 suggests that a linear Phillips curve has a steeper (more negative) slope in Texas than in the nation as a whole. The Texas interaction with the unemployment rate continues to be statistically significant in column 2, suggesting that the slope of the Phillips curve is significantly larger in Texas when the unemployment rate is lower than the sample average. The interaction between Texas and the spline terms in both columns 2 and 3 are not statistically significant, however, indicating that the extent of nonlinearity in Texas may be more limited than the rest of the nation. This result is consistent with greater labor market flexibility in Texas. Figure 7 plots the estimated Phillips curve for Texas and the U.S using estimates in column 3 with a 95% confidence interval.
Results analogous to Table 6 that include Texas interactions, presented in Table A2 , suggest that declines in short term unemployment are associated with higher wage pressures in Texas than in the nation. The differential impact of long-term unemployment in Texas is sensitive to the wage measure used in real wage inflation and is significantly different from rest of the nation in columns 1,2, and 3, that use hourly wage measures but are not significantly different in column 4, using average weekly wage
Conclusion
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